We investigated the rate of conversion to total hip arthroplasty by twenty years and radiographic findings at
A cetabular dysplasia of the hip is a risk factor for osteoarthritis of the hip [1] [2] [3] . Pelvic osteotomy is frequently used in treating acetabular dysplasia at various stages of osteoarthritis in adults and adolescents [4] [5] [6] [7] because it redistributes the loads across the hip by providing femoral head coverage, which decreases symptoms and prevents the progression of osteoarthritis of the hip 8, 9 . Rotational acetabular osteotomy, first described by Ninomiya and Tagawa in 1984 10 , is a common technique in acetabular osteotomy.
Although favorable outcomes have been reported for this technique, its long-term outcome varies according to patient age, disease stage, and joint congruency at the time of surgery [11] [12] [13] [14] [15] [16] . Disclosure: None of the authors received payments or services, either directly or indirectly (i.e., via his or her institution), from a third party in support of any aspect of this work. None of the authors, or their institution(s), have had any financial relationship, in the thirty-six months prior to submission of this work, with any entity in the biomedical arena that could be perceived to influence or have the potential to influence what is written in this work. Also, no author has had any other relationships, or has engaged in any other activities, that could be perceived to influence or have the potential to influence what is written in this work. The complete Disclosures of Potential Conflicts of Interest submitted by authors are always provided with the online version of the article.
We considered good indications for rotational acetabular osteotomy to be pre-osteoarthritis, which is a condition of the hip that increases the risk of development of osteoarthritis, and initial osteoarthritis with acetabular dysplasia 10, 14, 15, 17 . However, we also performed rotational acetabular osteotomy for patients with advanced osteoarthritis and a narrow hip-joint space who were relatively young (less than fifty years) and willing to undergo the procedure. Although good mid-term results have been reported for rotational acetabular osteotomy in advanced osteoarthritis 14, 18 , no long-term results have been reported, as far as we know.
The foremost objective of joint-preservation surgery is better quality of life through pain relief and functional improvement. Another major objective of osteotomies for advanced osteoarthritis in young patients is to delay conversion to total hip arthroplasty. Because there have been few reports on long-term outcomes after rotational acetabular osteotomy, we monitored clinical and radiographic findings for twenty years or more after rotational acetabular osteotomy, stratified by osteoarthritis stage. We also investigated the joint-preservation effect of rotational acetabular osteotomy by assessing the total hip arthroplasty conversion rate at twenty years after surgery.
Materials and Methods

W
e retrospectively assessed all 175 hips in 171 patients who underwent rotational acetabular osteotomy at our facility between June 1986 and August 1991. We excluded two hips (two patients) from the study that had terminal-stage osteoarthritis, and one hip in which rheumatoid arthritis had developed by five years after surgery. A total of 172 hips (168 patients) were enrolled in this study. Of these 172 hips, fifty-eight were excluded from the analysis because they had follow-up of less than twenty years, and twenty-one hips with at least twenty years of follow-up were excluded because they had follow-up by telephone interview only, leaving ninety-three hips (ninety-one patients) that were available for analysis.
Surgical Technique and Aftercare
All operations were performed by one of the authors (T.M.). Surgery was conducted using the same methods reported elsewhere 19 , without detachment of the greater trochanter. To level the weight-bearing region on the acetabular roof, a section of monocortical bone 2 cm wide and 3 cm long was harvested from the iliac crest tubercle and used as a bone graft in patients with a preoperative center-edge angle of -10°to 10°. The bone graft was inserted between the rotated bone fragment and host bone and was secured with two 2-mm Kirschner wires. If the center-edge angle was £10°, two bone grafts were harvested and stacked in layers. If the center-edge angle was >10°, no bone-grafting was done. Cancellous bone was also harvested from the ilium after the corticocancellous bone was harvested, and it was grafted into the gap arising from acetabular rotation. Patients were permitted to use a wheelchair with limited weight-bearing by postoperative week 3, to start weight-bearing of one-third of their weight by week 6, and to progress to full weight-bearing by week 12.
Radiographs were made for seventy-six hips (seventy-four patients) at twenty years or more after surgery and for seventeen hips (seventeen patients) that underwent conversion to total hip arthroplasty at some point before twenty years and for which radiographs were made immediately before total hip arthroplasty.
A total of ninety-three hips (ninety-one patients), including nine in men and eighty-four in women, underwent assessment of joint function and radiographic findings in this retrospective study. Of the 172 hips in our study, ninety-three (54%) were evaluated. Inclusion and exclusion criteria are demonstrated by the flowchart in Figure 1 . Before and after surgery, we classified the osteoarthritis stage of each hip using the radiographic system defined in 2010 by the Investigation Group into Coxarthrosis and Acetabular Dysplasia in Japan 20 : pre-osteoarthritis, initial stage of osteoarthritis, advanced stage of osteoarthritis, and terminal stage of osteoarthritis. Each stage is determined by the state of arthritic changes, morphological changes, and loss of joint space (Table I) . Before surgery, twenty-three hips had pre-osteoarthritis, twenty-nine hips had initial osteoarthritis, and forty-one hips had advanced osteoarthritis. The mean age of the patients at the time of surgery was 32.4 years (range, twelve to fortynine years). The mean duration of follow-up was twenty-three years (range, twenty to twenty-seven years) for the seventy-six hips that had been monitored radiographically for more than twenty years and was twenty-one years (range, three to twenty-seven years) for all ninety-three hips, including those that underwent conversion to total hip arthroplasty within twenty years.
Indications for rotational acetabular osteotomy in advanced osteoarthritis were determined by age and joint congruency before surgery by using functional view radiographs of hips in abduction with an anterior pelvic tilt of 10°to 30°. This position corresponded to the expected appearance on postoperative anteroposterior radiographic images after rotational acetabular osteotomy. We performed rotational acetabular osteotomy in hips with a maintained or widened joint space identified on functional view radiographs in advanced osteoarthritis (see Appendix). In one hip with initial osteoarthritis and three hips with advanced osteoarthritis, we performed a valgus femoral 
Initial stage
One or more arthrotic changes. Possible narrowing of joint space. The width of joint space is maintained 2 mm or more throughout the weight-bearing area.
Advanced stage Definite narrowing of joint space. The width is less than 2 mm at the thinnest point. Loss of joint space § is observed, and the width is less than 15 mm.
Terminal stage Gross loss of joint space; the width is 15 mm or more. Reproduced with kind permission from Springer Science1Business Media. †Arthrotic changes: joint space narrowing, sclerosis, cyst formation, and osteophytes. ‡Morphological changes related to osteoarthrosis: acetabular dysplasia, femoral head deformity such as coxa plana, subluxation, and dislocation. §Loss of joint space: the subchondral bone of the acetabulum is in contact with that of the femoral head.
osteotomy in combination with the rotational acetabular osteotomy for better joint congruency.
Joint congruency immediately after surgery was categorized using the classification system of Yasunaga et al. 21 : thirty-four hips were rated as excellent; twenty-six hips, as good; thirty-three hips, as fair; and zero hips, as poor. Table II shows preoperative demographic data, clinical scores, and radiographic findings.
Anteroposterior radiographs of the hip were used for each evaluation. The center-edge angle defined by Wiberg 22 , the acetabular roof angle 23 , the acetabular head index, and the amount of medial head displacement by rotational acetabular osteotomy were measured. The acetabular head index is the same as the acetabulumfemoral head quotient described by Heyman and Herndon 24 . Joint-space narrowing of >1 mm was determined by comparing the joint-space width in the most recent radiographs with that seen on radiographs made immediately after surgery. Two orthopaedic instructors who specialized in hip surgery and imaging analysis of the hip performed all radiographic measurements and evaluations before and after surgery in a blinded fashion for all patients. The discrepancy rate for osteoarthritis stage designation between the two observers was 10.8% (ten of ninety-three hips). The Cohen k coefficient was 0.775. For each discrepancy, the two observers settled the designation by consensus.
The Harris hip score was obtained before surgery and at each follow-up visit, and preoperative and postoperative clinical data were collected from the patient charts. The self-administered Japanese Orthopaedic Association Hip Disease Evaluation Questionnaire (JHEQ) 25 was also used for assessment at the latest follow-up examination. Of the seventy-four patients whose hips did not undergo conversion to total hip arthroplasty, fifty-four were surveyed using the JHEQ. We could not use questionnaire results for twenty patients because answers were incomplete for eighteen patients and two patients declined to complete the questionnaire.
The p values for comparisons among the three stages of osteoarthritispre-osteoarthritis, initial, and advanced-are shown in Table II ; the stages were compared using the Kruskal-Wallis test. The differences in continuous variables between each stage were compared using the Mann-Whitney U test. The Wilcoxon signed-rank test was used for analyses of the preoperative and postoperative Harris hip score, center-edge angle, acetabular roof angle, acetabular head index, and medial displacement of the femoral head. The chi-square test was used for analyses of clinical factors, joint-space narrowing, progression of osteoarthritis stage, and total hip arthroplasty conversion. A p value of <0.05 was considered significant. Statistical analyses were performed with StatView software (version 5.0; SAS Institute, Cary, North Carolina).
Source of Funding
There was no outside funding in support of our study.
Results
P
atients with pre-osteoarthritis were younger than patients with initial or advanced osteoarthritis (p < 0.01). In addition, patients with initial osteoarthritis were younger than those with advanced osteoarthritis (p < 0.01). Postoperative values Fig. 1 A flowchart of inclusion and exclusion criteria. OA = osteoarthritis, RAO = rotational acetabular osteotomy, and THA = total hip arthroplasty.
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T *The values are given as the mean, with the range in parentheses. †Significant. ‡The duration of follow-up for hips converted to total hip arthroplasty was the period from the initial operation until total hip arthroplasty was performed. §The values are given as the mean and the standard deviation, with or without the range in parentheses. #Scores were evaluated without total hip arthroplasty cases. **JHEQ (Japanese Orthopaedic Association Hip Disease Evaluation Questionnaire) scores for fifty-four hips were evaluated. VAS = visual analog scale. † †Joint congruency was evaluated according to the classification of Yasunaga et al. 21 . E = excellent, G = good, and F = fair. ‡ ‡The number included the hips that were converted to total hip arthroplasty. The percentage is based on the preoperative number in each stage.
were significantly better than preoperative values for the centeredge angle, acetabular roof angle, and acetabular head index in each stage of osteoarthritis (p < 0.0001).
Preoperative Harris hip scores were worse in advanced osteoarthritis than in pre-osteoarthritis and initial osteoarthritis, and the amount of medial displacement of the femoral head was greater in advanced osteoarthritis than in pre-osteoarthritis and initial osteoarthritis (p < 0.05).
In ninety-three hips (ninety-one patients), including those that underwent conversion to total hip arthroplasty, the joint space had narrowed by the latest follow-up examination from values obtained immediately after surgery in six hips (26%) with preosteoarthritis, seventeen (59%) with initial osteoarthritis, and thirty-four (83%) with advanced osteoarthritis. The differences between pre-osteoarthritis and initial osteoarthritis, between preosteoarthritis and advanced osteoarthritis, and between initial osteoarthritis and advanced osteoarthritis were significant (see Appendix). The osteoarthritis stage progressed in six hips (26%) with pre-osteoarthritis, ten (34%) with initial osteoarthritis, and fifteen (37%) with advanced osteoarthritis (see Appendix). In the group with pre-osteoarthritis, two hips progressed to initial osteoarthritis; one hip, to advanced osteoarthritis; and three hips, to terminal-stage osteoarthritis. In the group with initial osteoarthritis, seven hips progressed to advanced osteoarthritis and three hips, to terminal-stage osteoarthritis. The osteoarthritis stage was maintained or improved in 74% of hips with pre-osteoarthritis and in 66% of hips with initial osteoarthritis (see Appendix).
The definition of advanced osteoarthritis was a joint-space width of <2 mm at the narrowest point and a range of gross loss of joint space of <15 mm. In contrast, the terminal stage was defined as a state in which gross loss of the joint space is observed, and the range is ‡15 mm. Although fifteen (37%) of the forty-one hips with advanced osteoarthritis had a gross loss of joint space of ‡15 mm, the remaining twenty-six hips (63%) had not progressed to terminal-stage osteoarthritis.
Of the ninety-three hips, seventeen hips (seventeen patients) underwent conversion to total hip arthroplasty before twenty years had passed; however, most conversions were done in hips with advanced osteoarthritis (one [4%] with pre-osteoarthritis, two [7%] with initial osteoarthritis, and fourteen [34%] with advanced osteoarthritis). Eight hips (eight patients) underwent conversion to total hip arthroplasty after twenty years or more (see Appendix). In total, conversion to total hip arthroplasty was done in three hips (13%) with pre-osteoarthritis, three (10%) with initial osteoarthritis, and nineteen (46%) with advanced osteoarthritis (Table II) .
There was early progression from advanced osteoarthritis to terminal-stage osteoarthritis in one forty-year-old woman by three years after surgery and in one forty-five-year-old woman by 5.6 years. Both women underwent early total hip arthroplasty. In all other patients, conversion to total hip arthroplasty occurred at twelve years or more (mean, 18.5 years) after surgery. Significantly more patients with advanced osteoarthritis had had conversion to total hip arthroplasty by twenty years than had patients with pre-osteoarthritis or initial osteoarthritis (p = 0.0005). Of the four hips that had undergone a valgus femoral osteotomy, one hip with advanced osteoarthritis had conversion to total hip arthroplasty at twenty-two years after the initial operation, but the other three had not. At conversion to total hip arthroplasty, ten hips had advanced osteoarthritis and fifteen had terminal-stage osteoarthritis. The average pain score and overall Harris hip score at conversion were 12.1 points (range, 0 to 30 points) and 46.7 points (range, 23 to 74 points), respectively.
Joint congruency was rated immediately after surgery (Table  II) . In patients with pre-osteoarthritis or initial osteoarthritis, joint congruency was rated as excellent or good in forty-three hips and as fair in nine hips. In patients with pre-osteoarthritis or initial osteoarthritis, joint-space narrowing and osteoarthritis progression were significantly greater if joint congruency was rated as fair (seven of nine hips and six of nine hips, respectively) than if joint congruency was rated as excellent or good (sixteen of forty-three hips and ten of forty-three hips, respectively; p < 0.05). No association was noted between osteoarthritis stage progression and sex, age, presence of osteoarthritis of the contralateral hip and its stage if present, preoperative and postoperative center-edge angle, acetabular roof angle, acetabular head index, limb-length discrepancy, or extent of medial displacement of the femoral head postoperatively.
The mean Harris hip score for hips that did not undergo conversion to total hip arthroplasty increased from 68.9 points preoperatively to 88.6 points at the latest follow-up evaluation, and this score was significantly higher than the mean score of 46.7 points for hips that underwent total hip arthroplasty (p < 0.0001). The mean score for the pain component of the Harris hip score at the latest follow-up evaluation was significantly greater than that before surgery for all stages (pre-osteoarthritis and advanced osteoarthritis [p < 0.005] and initial osteoarthritis [p < 0.05]). Overall, the mean Harris hip score at the latest follow-up evaluation was significantly greater than the mean preoperative Harris hip score in some stages (pre-osteoarthritis and advanced osteoarthritis [p < 0.01]).
The mean total JHEQ score was 57 points (of a possible 84 points) at the latest follow-up evaluation. The mean visual analog scale (VAS) score, which shows the degree of dissatisfaction, was 22.8 mm, implying the degree of satisfaction was 77.2%. In addition, thirty-nine patients (72%) reported a satisfaction level of ‡70% (Table II) .
Movement scores and overall JHEQ scores at the latest follow-up evaluation were better for patients who had preosteoarthritis before surgery than for patients who had initial osteoarthritis or advanced osteoarthritis before surgery; the difference was significant with regard to movement scores for patients who had initial osteoarthritis (p < 0.05) and advanced osteoarthritis (p < 0.01) and with regard to overall JHEQ scores for patients with initial osteoarthritis and those with advanced osteoarthritis (p < 0.05). There were no significant differences in pain scores and mental scores among stages.
Discussion
M
any authors have reported favorable outcomes for rotational acetabular osteotomy and other acetabular osteotomy techniques in the treatment of pre-osteoarthritis and initial osteoarthritis with acetabular dysplasia 8, 9, 11, 12, 14, 15, [26] [27] [28] . In a study of rotational acetabular osteotomy using osteoarthritis progression as an end point, Yasunaga et al. 17 reported a survival rate of 89% at ten years, and in a study using total hip arthroplasty conversion as an end point, Hasegawa et al. 29 reported a survival rate of 97%. Although there was no clear difference between preosteoarthritis and initial osteoarthritis with regard to total hip arthroplasty conversion rates in the present study, progression of joint-space narrowing varied even between pre-osteoarthritis and initial osteoarthritis; we found that joint-space narrowing occurred more readily in initial osteoarthritis. Others have reported similar findings at fifteen years of follow-up 13, 26 . These differences may have appeared in the long-term follow-up because the joint space had already narrowed before surgery in patients with initial osteoarthritis and because there were changes in the femoral head cartilage 30, 31 . We found that if postoperative congruency was excellent or good, osteoarthritis did not progress readily, even over the long term. These findings are in agreement with those of Yasunaga et al. 16 . Okano et al. 32 also reported that preoperative joint congruency influenced postoperative outcome.
We found, as others have, that outcomes for advanced osteoarthritis were inferior to those for pre-osteoarthritis and initial osteoarthritis 12, 14, 27 . However, the joint-preservation rate in our study was approximately 66% at twenty years, which may be acceptable for relatively young patients with advanced osteoarthritis.
Nozawa et al. 18 reported that if the joint space became wider in abduction preoperatively, clinical and radiographic results were acceptable for more than ten years despite preexisting femoral head deformity in patients with advanced osteoarthritis. Perhaps the reason for our favorable results is that we performed rotational acetabular osteotomy in the advanced stage only for patients in whom the joint space remained unchanged or widened in abduction, as shown in preoperative functional radiographs.
A limitation of our study is that we did not perform rotational acetabular osteotomy in all of our patients with advanced osteoarthritis and that we conducted surgery only in patients in whom the joint space was expected to widen or remain unchanged as a result of the surgery.
Another limitation of our study was that the maximum age of the patients at the time of surgery was forty-nine years. We cannot guarantee that the same results will be obtained in patients more than forty-nine years old.
A major limitation of our study was a low follow-up rate. The follow-up rate after at least ten years was 77%, but it decreased to 54% (ninety-three of 172 hips) after at least twenty years or total hip arthroplasty conversion. This decrease in follow-up rates may have masked lower rates of progression of osteoarthritis or total hip arthroplasty conversion. Perhaps more importantly, conversion to arthroplasty is a patient preference and individual patients have varied tolerance for pain and functional limitation.
We used the JHEQ for patient self-assessment. The JHEQ was created in 2012 by the Japanese Orthopaedic Association 25 . The validity and reliability of the assessment criteria were verified 33 using the thirty-six-item Short Form (SF-36) health survey 34 and the Oxford hip score 35 . This new tool can be used to investigate Asian lifestyle behaviors and mental conditions that cannot be assessed by the Western Ontario and McMaster Universities Osteoarthritis Index 36 or the Oxford hip score 35 . Because the JHEQ contains items from the VAS to assess the degree of dissatisfaction, it was also used for that assessment. JHEQ findings showed a satisfaction rate of ‡70% for 72% of our study participants, indicating that most were satisfied with the long-term outcome of rotational acetabular osteotomy. Although follow-up for twenty years or more showed joint-space narrowing in only 26% of patients with pre-osteoarthritis, this narrowing progressed in 59% of patients with initial osteoarthritis and in 83% of those with advanced osteoarthritis. These patients are clearly at risk for gradual osteoarthritis progression in the future.
